Abstract Despite continued research among men with more sexual partners, little information exists on their seroadaptive behavior. Therefore, we examined seroadaptive anal sex strategies among 719 Vancouver gay and bisexual men (GBM) recruited using respondent-driven sampling. We provide descriptive, bivariable, and multivariable adjusted statistics, stratified by HIV status, for the covariates of having C7 male anal sex partners in the past 6 months (Population fourth quartile versus \7). Sensitivity Analysis were also performed to assess the robustness of this cut-off. Results suggest that GBM with more sexual partners are more likely to employ seroadaptive strategies than men with fewer partners. These strategies may be used in hopes of offsetting risk, assessing needs for subsequent HIV testing, and balancing personal health with sexual intimacy. Further research is needed to determine the efficacy of these strategies, assess how GBM perceive their efficacy, and understand the social and health impacts of their widespread uptake.
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Resumen A pesar de la continua investigación entre hombres con más parejas sexuales, poca información existe sobre su comportamiento seroadaptivo. Entonces, examinamos estrategias seroadaptivas de sexo anal 719 hombres gay y bisexuales (HGB) de Vancouver, invitados usando muestreo basado en respuestas. Mostramos estadística descriptiva, bivariable y multivariable ajustada, estratificada por status de VIH, por la relación entre tener C7 parejas sexuales masculinas con quien se tiene sexo anal en los pasados 6 meses (población del cuarto cuartil contra \7). Se realizó un análisis de sensibilidad para analizar la robustez de este muestreo. Los resultados sugieren que lo HGB con más parejas sexuales son más propensos a emplear estrategias seroadaptivas que los hombres con menos parejas. Estas estrategias pueden que sean usadas con la esperanza de minimizar el riesgo, analizando las necesidades de análisis de VIH posteriores, y balanceando la salud personal y la intimidad sexual. Se necesita más investigación para determinar la eficacia de estas estrateIntroduction the sexual partnering patterns of GBM compared with other men and women [4, 5] . Specifically, studies have shown that, on average, GBM are less likely to discriminate against sexual partners based on age, have greater numbers of lifetime and annual sexual partners, continue to form new partnerships later in life, and report a higher prevalence of partner concurrency [6] . While these characteristics may contribute to the broader social and cultural identity of GBM, the density and interconnectedness observed in these sexual networks may also play a role in HIV transmission [7, 8] . That is, men with greater numbers of male anal sex partners may be at greater risk for HIV transmission than men with fewer sexual partners [9] [10] [11] . Despite the continued attention that men with more sex partners receive from the academic and public health communities, there is little research on the seroadaptive behavioral strategies of this group. Therefore, GBM and their sexual practices continue to face stigma from what has colloquially been described as ''slut-shaming'' [12] . Such attitudes towards these men and their relationship patterns inhibit constructive communication about sexual risk [13] . In contrast, sex-positive community engagement approaches could promote risk reduction strategies which help men with greater numbers of male anal sex partners avoid seroconversion or transmission while being supportive of the diversity of values and needs found within GBM communities. Such approaches have focused on reducing the risks associated with anal sex, as it is the most common route of transmission for HIV among GBM [14] . While some of these risk reduction strategies are empirically supported (e.g., condom use, reducing viral load), other perceived harm reduction strategies may not be fully effective in preventing the transmission of HIV (e.g., withdrawal, negotiated safety agreements) [15] . Seroadaptive behaviors, defined as ''any modification of sexual behavior based on the person's (perceived) serostatus, the (perceived) status of the partner and/or HIV transmission risk by type of sex act,'' [16] , can be broadly divided into three categories: first, those seeking seroconcordant partnerships (i.e., serosorting, where both partners have the same HIV serostatus); second, those aiming to reduce the probability of HIV transmission (e.g., anal sex abstention, strategic positioning); and third, those attempting to limit exposure to the virus (e.g., condom use, treatment/viral load sorting) [16] . These seroadaptive practices are widely practiced among GBM [17, 18] and have been cited as evidence of GBM adaptive resilience in preventing HIV seroconversion [19] .
In Vancouver, expanded access to highly active antiretroviral therapy (HAART) and the associated individual-and population-level viral load reduction (referred to as ''Treatment as Prevention'' or ''TasP'') [20, 21] -may serve an important role in changing population patterns of these behaviors [18] . This closely relates to the theory of risk homeostasis, which suggests decreased perceptions of risk correspond to increased risk-taking behavior [22] . This has raised concerns that the benefits associated with biological HIV prevention technologies may be offset by reduced condom use [23] . If such is the case, the reinforcement of seroadaptive behaviors along with condom use will serve an important role in helping men with greater numbers of male anal sex partners to manage their sexual health.
When combined with condom use, serosorting and strategic positioning were estimated in one prospective cohort study to reduce HIV transmission among GBM by as much as 98 % [24] . However, more conservative estimates suggest that these strategies result in a 38 to 83 % reduction of risk, depending on the strategy being employed [15] . Of course, seroadaptive effectiveness requires low prevalence of undiagnosed HIV/STI infection coupled with high levels of partner disclosure and accurate HIV testing [17, 25] . Further, the effectiveness of seroadaptive strategies relies on an accurate understanding of the protective benefits-or lack thereof-associated with each strategy. For example, while withdrawal may be thought by some men to prevent transmission of HIV, this method is actually associated with a fivefold increase in seroconversions compared with no condomless anal sex [26] , and it is not considered an effective risk reduction strategy for those engaging in condomless anal sex because HIV is transmissible through pre-ejaculate [27, 28] .
Consistent with these observations and our understanding of GBM adaptation and resilience, we hypothesized that men with the highest quartile number of male anal sex partners were more likely to utilize seroadaptative behaviors to ameliorate the risks associated with having more sexual partners. We aimed to develop findings that would help shape sex-positive HIV-prevention messaging that will simultaneously reduce the stigma these men face and better encourage the use of more effective risk reduction strategies. To accomplish these goals, we examined reported seroadaptive strategies and individual characteristics relating to HIV-negative and HIV-positive men with the highest quartile number of male anal sex partners in Vancouver, British Columbia, Canada.
Methods

Study Setting
The Momentum Health Study is a prospective biobehavioral cohort study investigating possible treatment optimism [29] and risk compensation associated with British Columbia's expanded Treatment as Prevention program [21] . All data used in this analysis are drawn from the baseline study visit, which occurred between February 2012 and February 2014. Momentum uses respondentdriven sampling [30] to recruit HIV-positive and HIVnegative GBM in Metro Vancouver, British Columbia, Canada. Initially-recruited ''seeds'' distributed a maximum of 6 paper and/or electronic vouchers to other Vancouver GBM [31] . Voucher recipients were screened for study eligibility criteria, which included being 16 years of age and older, identifying as male, having had sex with another man in the past 6 months, living in Metro Vancouver, and competency to understand a questionnaire written in English. Eligible participants completed a computer-assisted self-interview (CASI) questionnaire and biological tests including point-of-care HIV testing, venipuncture blood tests for hepatitis C and syphilis serology, and optional urine and swab tests for gonorrhea and chlamydia. Study participants received a $50 CAD honorarium and earned an additional $10 CAD for each eligible recruit who completed the study protocol. All procedures received human ethics clearances from Simon Fraser University, the University of British Columbia, and the University of Victoria. Additional information about the Momentum study questionnaire and protocol can be found elsewhere [32, 33] .
Dependent Variables
The study's dependent variable was a dichotomous categorical variable distinguishing men with high numbers of anal sex partners from other men in the sample. While other sources in the literature have described this group as ''Highly Sexual Active Men'' [9] , we have attempted to describe sexual partnering and concurrency with greater sensitivity to the stigma that these men face, as well as to more accurately describe their partnering pattern compared with frequency of sexual activity. To identify men with higher numbers of sexual partners, we asked this question: ''During the past 6 months, with how many males have you had anal sex with (as top or bottom)?'' From the resulting distribution, with the total number of anal sex partners in the past 6 months capped at 100, we used the global third quartile value to divide our sample first into two groups: (1) men with C7 anal sex partners (the highest quartile, n = 195), and (2) men with \7 recent anal sex partners (the lower three quartiles, n = 523. These results are more conservative than those used by other researchers [9, 11] , which focused on men having 9 or more anal sex partners in the previous 3 months. To assess the use of our cut-off point dividing the highest quartile from the lower three quartiles, a sensitivity analysis was conducted at the bivariable level with cut-off points at the global median (C3 vs. \3) as well as HIV status specific highest quartile cut-offs (HIV-positive: C15 vs. \15, HIV-negative: C6 vs. \6).
Independent Variables
Seroadaptive strategies were represented in the study questionnaire [32] by a series of yes/no responses with necessary variation in the question wording to be applicable to HIV-negative versus HIV-positive participants. The question block was introduced by saying, ''Some guys use strategies to prevent getting/transmitting HIV. Do you do any of the following to prevent getting/transmitting HIV? (check ALL that apply).'' Three strategies were asked the same for HIV-negative and HIV-positive men: condom use (''Always using condoms for anal sex''), anal sex avoidance (''Having sex which doesn't include anal sex''), and serostatus inquiry (''Asking my sex partners about their HIV status before sex''). Four strategies were asked in a manner specific to participants' serostatus: HIV-negative men were asked if they used strategic positioning (''Being a top for anal sex''), serosorting (''Having anal sex without condoms only with guys I know are HIV-negative''), viral load sorting (''Having anal sex without condoms with HIVpositive guys who have low viral loads or are on HIV treatment''), and withdrawal (''Not letting my sex partners cum inside me''). Likewise, HIV-positive men were asked about strategic positioning (''Being the bottom for anal sex''), serosorting (''Having anal sex without condoms only with guys I know are HIV-positive''), viral load sorting (''Having anal sex without condoms if my viral load is low or I'm on HIV treatment''), and withdrawal (''Not cumming inside my sex partners'').
Additional independent variables pertained to sociodemographic factors, substance use, psychosocial traits, and sexual behavior in order to gain insights into the characteristics of men with the highest quartile number of male anal sex partners and to assess possible confounding variables. Socio-demographic variables included measures of age, education, annual income, race/ethnicity, residence, sexual orientation, and anal sex role preference (i.e., top, bottom or versatile). Substance use questions pertaining to alcohol use classified participants as ''harmful drinkers'' via the AUDIT scale [34] and whether they used erectile dysfunction drugs (EDD), poppers, crystal methamphetamine, and/or Ecstasy in the past 6 months. Previously reported associations between EDD and crystal methamphetamine [35, 36] , led us to test the inclusion of an interaction term (EDD 9 crystal methamphetamine).
Psychosocial measures included three validated scales. The first was the Escape Motivation scale (12 questions, study Cronbach's a = 0.90) [37] , assessing if GBM used alcohol and illicit substances to diminish cognitive recognition of sexual risk, (e.g., ''When I am high, I find it difficult to stay within my sexual limits''). Each item of the Escape Motivation scale was scored on a 4-point Likert scale (Strongly disagree, Disagree, Agree, Strongly Agree), meaning the total score possible was 12-48 points with higher scores indicating greater escape motivations. The second was the Sexual Sensation Seeking scale (revised, 11 questions, study a = 0.73) [38] , which measured respondents' attitudes towards sexual thrill-seeking (e.g., ''I like wild, 'uninhibited' sexual encounters''). Each item on the Sexual Sensation Seeking scale was scored on a 4-point Likert scale (Not at all like me, Not like me, Like me, Very much like me), meaning the total score possible was 11-44 points, with higher scores indicates greater sensation seeking. The last scale used was the Treatment Optimism scale (12 questions, study a = 0.85) [39] , examining possible changing sexual risk perceptions associated with (e.g., ''HIV/AIDS is a less serious threat than it used to be because of new treatments''). Each item on the Treatment Optimism scale was scored on a 4-point Likert scale (Strongly disagree, Disagree, Agree, Strongly Agree), meaning the total score possible was 12-48 points with higher scores indicating greater treatment optimism.
Analysis
All analyses were conducted using SAS version 9.3 [40] and stratified by HIV serostatus. The data for this analysis were adjusted by the respondent driven sampling program (RDSAT) version 7.1.46 to generate point estimates and 95 % confidence intervals [41] . Independent variables with probability values \0.20 were selected from initial bivariable analyses for inclusion in subsequent multivariable models. Final multivariable logistic models were determined using backward selection elimination procedure based on the optimization (minimization) of two criteria at each step: Akaike Information Criterion (AIC) [42] and Type-III p-values [43] . These two criteria balance model selection between finding an explanatory model with lower p-values (indicating greater significance) and lower AIC values (indicating goodness-of-fit). This model building procedure is described in greater detail elsewhere [44] . A central premise of RDS is that respondents' social network size can be used to estimate sampling probabilities and generate population estimates [45] .
Results
Between February 2012 and February 2014, we recruited a total of 719 GBM from 119 (16.6 %) ''seeds''-or initial recruits. Table 1 Table 2 ). Table 3 ).
Multivariable models for HIV-negative/unknown GBM are presented in Table 4 . Among HIV-negative/unknown men, being in the highest quartile of male anal sex partners was associated with being more likely to engage in strategic positioning (aOR = 3. 47, 6 .67]), achieve education greater than the high school level Table 4 ). Multivariable models for HIV-positive GBM are presented in Table 5 . These results showed that the majority of seroadaptive strategies were not selected into the model. Being in the highest quartile of male anal sex partners for HIV-positive men was associated with a greater likelihood of asking about HIV status prior to sex (aOR = 3.10, 95 % CI Table 5 ).
The sensitivity analysis (Table 6) , which was conducted to assess differing dichotomous cut-off points at the global median (C3 vs. \3) and the HIV status specific highest quartile cut-offs (HIV-Positive: C15 vs. \15, HIV-Negative: C6 vs. \6), showed that several variables acted in a dose-response relationship to having more sexual partners. However, the overall results of the final model did not appear to be highly sensitive to changes in the cut-off point employed.
Discussion
We observed a higher prevalence of seroadaptive behaviors among GBM with more sexual partners, using a global data-driven definition of the highest quartile number of male anal sex partners (i.e., more than 7 in the past 6 months). Although both HIV-positive and HIV-negative men with [7 partners were more likely to engage in condomless anal sex on the bivariable level, this factor was not retained in either of the multivariable models. However, in both groups, men with the highest quartile number of male anal sex partners were more likely to employ other seroadaptive behaviors and prevention practices. HIVnegative men were significantly more likely to engage in strategic positioning, and both groups were more likely to engage in serostatus inquiry, which is a necessary precursor to effective use of other seroadaptive strategies. Contrary to this trend, we observed that HIV-negative men were less likely to avoid anal sex as a means of seroadaptation.
We also note that, in general, HIV-positive men with the highest quartile number of male anal sex partners reported a higher prevalence of seroadaptive behaviors than HIVnegative men with the highest quartile number of male anal sex partners. This latter finding may reflect a high level of either concern (e.g., HIV prevention altruism) and/or awareness (e.g., HIV risk perception) among HIV-positive men regarding HIV transmission [47, 48] . This supports other findings suggesting that HIV-positive men aware of their HIV-infection are less likely to infect sexual partners than those who are not aware [48, 49] . Together these findings highlight seroadaptitve behaviors as common harm reduction strategies for GBM in the highest quartile number of male anal sex partners, which parallels other documented harm reduction tactics in other populations. For example, in their analysis of injection drug users who remain HIV and HCV infection-free, Friedman and colleagues [50, 51] adapted the concept of Positive Deviance, originating in infant/child nutrition studies, to identify parental strategies associated with wellnourished children living in communities with high malnutrition rates [52] to explain how ''subjects control their personal risk, even though they have engaged in high-risk activities for lengthy periods.'' Seroadaptive strategies may, therefore, provide insights into how GBM with the highest quartile number of male anal sex partners manage their sexual health and prevent seroconversion despite having higher than average rates of partnering.
This interpretation of our findings raises the question of the effectiveness of various seroadaptive behaviors. For example, Vallabhaneni and colleagues [15] studied the risks associated with condomless anal sex, serosorting, strategic positioning, and partner concurrency and found that while condomless seroadaptive behaviors were riskier than sex with condoms, these behaviors did seem to offer some benefits compared with condomless sex without seroadaptation. Other research by Kurtz and colleagues [19] doubted that serosorting, while widely practiced, could be effective in major cities because (1) HIV-negative men in their study averaged 10 partners and almost 20 episodes of condomless anal intercourse during a threemonth period, (2) 45 % of HIV-positive GBM were unaware of their status and, (3) 31 % of HIV-negative GBM seroconverted within 5 years of moving to South Florida. In contrast, only 0.6 % of Momentum Health Study participants did not know they were HIV-positive, 83 % of HIV-negative men had an HIV test within at least 2 years, and HIV incidence in our study was at least 1 per 100 person-years within 1.5 years of follow-up [53, 54] . Of course, some participants lost to follow-up may also have seroconverted, and we note that the number of new diagnoses in British Columbia remains stable [3] . Under these conditions, some seroadaptive behaviors may have the potential to reduce HIV transmission risks, though further research is needed to establish the efficacy of each behavior with regard to preventing HIV in different epidemic settings. To accomplish this, we recommend a more purposive sexual health needs assessment to determine which seroadatpvie behaviors or which combination of these behaviors might effectively reduce HIV-transmission and how condom use might be better utilized with consideration of these practices. Also, our results offer further insight into the behavioral strategies of men with the highest quartile number of male anal sex partners and may therefore provide public health leaders the information necessary to identify different overlapping sub-groups of men (e.g., those who participate in the sex industry as escorts, those who attend group sex events, those who engage in condomless anal sex, and those who use ''sex drugs'') who might most benefit from more targeted risk reduction and HIV prevention programming.
Finally, our multivariable results indicated significant associations with substance use (i.e., crystal methamphetamine, EDD, and Ecstasy) for men with the highest quartile number of male anal sex partners. Yet despite this association, the Escape Motivation scale-which has been used to link substance use and sexual risk [37] -was nonsignificant in the multivariable model for either HIV-negative or HIV-positive men, suggesting that substance use among these men is not explained by escape behavior but is likely attributable to other motivators, such as pleasure seeking. This association between sexual risk and substance use, especially EDD, is not entirely surprising considering the role sex-drugs play in some venues and cultures [35] .
Further, the Treatment Optimism scale did not appear to be significant in either the bivariable or multivariable results, suggesting that HAART treatment optimism and risk compensation do not explicitly determine patterns of sexual partnering, and, conversely, having more sexual partners does not seem to greatly influence treatment optimism. Considering the risks associated with more densely connected social-sexual networks, this finding speaks positively to the expansion of HAART access. In contrast, the Sexual Sensation Seeking scale, which is a commonly used measure for pleasure seeking and sexual risk [38] , was only significant for HIV-positive men with the highest quartile number of male anal sex partners. However, because items on this scale relate to the number of sex partners, it is difficult to assess whether higher scores among this group are attributable to increased pleasure-seeking or are simply a result of the natural correlation between scale items and our primary outcome.
Strengths and Limitations
Our study offered several important strengths with regard to past research focusing on sexual partnering and seroadaptation. This analysis included the use of RDS methodology to recruit a large number of GBM not specifically from sexual health clinics or community venues, and re-weighting their responses to provide more accurate population estimates of seroadaptation and sexual partnering [30] . Further, by considering demographic, psychosocial, sexual behavior, and substance use together, our explanatory model provides useful analysis for understanding the diverse covariates that are independently associated with having higher numbers of male anal sex partners.
There are also limitations to this study. First, the strategies analyzed were self-reports, not actual events. Therefore, we lack a measurable association between what participants say and what they actually do [55] . For example, even event-level sexual histories may not include instances when GBM decide not to have sex, perhaps because of serodiscordance. Similarly, anal sexual positioning may simply represent preferred sex roles, rather than seroadaptation. To determine seroadaptation intentionality requires a longitudinal study design [17] . In addition, while data were corrected for RDS-bias, they pertain only to Metro Vancouver, and may not be representative of areas where HAART access/uptake and Treatment as Prevention programs are not as well developed. This is particularly relevant when reviewing the high reported prevalence of viral load sorting, which may not be found in areas with decreased HAART availability. In consideration of the psychosocial scales and other categorical measures used in this analysis, it is difficult to assess whether differences between groups are clinically meaningful, despite being statistically significant. However, as this is an exploratory analysis, we feel that the direction of the association may serve as an important indicator for understanding the factors associated with having more sexual partners. Finally, speaking to our dichotomous comparison groups, the use of quartiles, while potentially arbitrary and difficult to apply in practice, better describes the natural distribution of sexual partnering frequency, offers simpler interpretations of effect measures resulting from statistical modeling, and allows us to avoid the linearity assumption implicit in modeling continuous covariates [56] . Further, the use of data-driven cut-off points serves to provide a descriptive measure of sexual partner frequency.
Conclusion
Our findings show that men with the highest quartile number of male anal sex partners are more likely to employ seroadaptive strategies (other than condom use and anal sex avoidance) than men with fewer sexual partners. This suggests that these men are taking steps that are at least perceived to improve their sexual health and reduce HIV transmission while balancing their needs for sexual intimacy and pleasure. Consistent with these findings we recommend further research to: (1) determine the efficacy of these strategies, (2) assess how GBM perceive the efficacy of these strategies, and (3) to determine the social and health impacts of widespread uptake of these strategies. Each of these suggested areas remain important because, even if these strategies were sufficiently effective to prevent seroconversion, they are by no means universally employed, and confusion regarding their efficacy is almost certain to continue. Though these strategies are more common among those with more sexual partners, they may not be used, nor understood, at sufficiently high rates to reduce population-level HIV incidence. Yet still, we do not know what widespread uptake of these strategies might mean for condom use, which is still regarded among the most efficacious prevention strategies. Finally, we note that these strategies are not necessarily effective in combating other STIs, which may put GBM at increased risk for HIV transmission or acquisition.
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